Sixteen animal-based indicators of sheep welfare, previously selected by a stakeholder panel, and based on the Farm Animal Welfare Council (FAWC) Five Freedoms, were assessed in terms of the level of inter-observer agreement achieved during on-farm testing. Eight observers independently tested the 16 indicators on 1158 sheep from 38 farms in England and Wales. Overall inter-observer agreement was evaluated by Fleiss's kappa (κ), and the pair-wise agreement of each observer was compared to a 'test standard' observer (TSO). Inter-observer assessments of the welfare indicators; dental abnormality, cleanliness score (ventral abdomen), mastitis, tail length, skin lesions, body condition scoring and lameness produced 'fair to good' levels of agreement (0.40 < κ < 0.75) and joint swellings had 'excellent' levels of agreement (κ ≥ 0.75). The very low apparent prevalence (<0.8%) of sheep with specific outcomes such as pruritis, wool loss, myiasis, thin body condition, diffuse or severe skin lesions limited kappa analysis for these indicators. Overall, findings suggest that observers of differing experience, training and occupation were reliable in assessing key animal-based indicators of sheep health and welfare.
Introduction
The assessment of farm animal welfare is undertaken for a number of reasons and by different inspection agencies. These include statutory inspections for legislation enforcement and inspections for private farm assurance schemes, which provide consumer assurance of the welfare standards of products of animal origin. Welfare assessment may also be performed by farmers and their veterinary surgeons, as part of routine stock monitoring and to inform animal health and production plans and intervention strategies [1] .
Traditionally, welfare assessment systems have relied primarily on assessment of resource provision to the animals (welfare inputs). Resource-based assessments may include the provision of appropriate food and water, bedding materials, the presence of a health plan and the condition of buildings and equipment. However, it is recognised that direct observations and assessments of the animals, be these physical, physiological and/or behavioural outcomes i.e. animal-based indicators of welfare, provide a more accurate estimation of the welfare experience of the animals themselves over management and resource inputs [1] . Consequently, animal-based welfare indicators have been developed and tested for other animal species, but comparatively few animal-based welfare indicators for sheep have been examined [2, 3] .
Potential animal-based welfare indicators for sheep were identified by a consenus of stakeholder opinion, using the Five Freedom Framework to identify welfare priorities for sheep managed under British farming systems [4] . Given the potential role of such indicators in statutory and private welfare assessment schemes, it is essential for farmers, consumers and for the individual animal, that indicators used for this purpose are thoroughly tested. Animal-based indicators of sheep welfare need to be evaluated to ensure that they are:
(1) valid measures i.e., genuinely measuring an aspect of an animal's welfare state; (2) reliable, in that different observers consistently score the same animal or group of animals in a similar way (inter-observer agreement); (3) feasible to apply under a variety of farm management systems [5] .
The welfare indicators are considered using diagnostic tests. The test performance of novel diagnostic tests is usually examined against a reference standard or 'gold standard' [6] . Currently there is no gold standard test for animal welfare assessment. In such circumstances, researchers may use a 'pseudo-gold' standard by comparing whether multiple assessors apply the measures in the same way as their trainer or reference observer [7] [8] [9] . Kappa agreement analysis is commonly used to determine the level of inter-observer agreement [10] . However, a limitation of this analytical approach is that it cannot identify whether systematic scoring differences occur between pairs or groups of multiple observers. Therefore, a complimentary approach is to assess for observer disagreement or scoring divergence. The aim of this study was to examine the validity of 16 animal-based welfare indicators of sheep in terms of the level of inter-observer reliability, as assessed by kappa agreement and scoring divergence, and their feasibility for on-farm application by observers of differing experience and training.
Materials and Methods

Sheep Population
Thirty eight sheep farms comprised of 16 lowland, 11 upland and 11 hill farms -representative of the types within the British sheep industry [11] , and included commercial, pedigree and smallholding flocks [12] , were recruited to the Sheep Welfare Project through contact with veterinary practices, National Sheep Association and independent sheep consultants. All flocks were located in England and Wales and were within a 200 km radius of the University of Liverpool, School of Veterinary Science, Leahurst campus. This convenience sample of sheep farms were selected based on their location and willingness to participate.
All study farms gave informed, written consent to participate and were provided with a written study protocol. Each farm was requested to provide a sample of approximately 100 sheep (aged > 1 year) that they considered were representative of the flock. Out of this group, 30 sheep were then randomly selected for inclusion in this inter-observer reliability study using a pre-determined random number system (based on the order that sheep entered the handling race). A sample size of 30 sheep was based on previous recommendations and research on the number of subjects required to provide sufficient scoring variation for analysis of observer agreement [13, 14] .
Observer Population
Eight observers were recruited from the University of Liverpool, School of Veterinary Science, to include veterinary (n = 1) and animal science (n = 2) students, and veterinary surgeons (n = 5). For the purposes of this study, observers were classified as 'experienced' in sheep welfare assessment if they had the equivalent of three years or more full-time experience of working on sheep farms, handling animals and were classed as 'active' if they had performed sheep health and welfare assessments (including body condition scoring) in at least the year prior to the study. Those that did not meet these criteria were classed as 'inactive' and/or 'inexperienced', which included assessors holding veterinary qualifications and veterinary specialists of other farmed animals whom had not been actively working with sheep work in the year prior to the study.
Observer 1, a veterinary surgeon classed as an 'experienced' and 'active' assessor who developed the indicator assessment methods and provided on-farm observer training, was designated the 'test standard observer' (TSO). Each observer was provided with an indicator manual that detailed indicator scoring definitions and assessment protocols. Prior to the commencement of the on-farm study, observers were classified as 'trained' after receiving a one-day on-farm training session on the University sheep farm ( Table 1 ). The training led by the TSO involved a short theoretical session introduction to the scoring descriptors with examples of images of specific indicator scores, and a full day handling, turning and examining live sheep. During this practical training session, observers were encouraged to openly discuss and compare lesion scores and compare with the descriptors in manual guide, and practice use of the scoring sheets. Particular emphasis was paid on practical training in body condition scoring, and discussion of assessor scores, although animals in extreme condition scores (e.g., 1 and 5) were not present in the training flock.
The TSO performed welfare indicator assessments on all study farms and was accompanied by 1-2 observers that were different at each visit. Observers independently assessed each indicator on a sample of sheep from each study farm on the same day and were blinded to the clinical history or production performance of the study farms.
The study was approved by the University of Liverpool Ethics Committee (study reference number RETH000287). 
Welfare Indicators
Sheep were examined in an assessment pen and to reduce any effect of behavioural isolation, two animals were placed in the pen at a time. Pen size and shape varied between farms but was always large enough for the sheep to move around freely (approximate minimum of 2 m 2 ) and to conduct gait assessment. On entry to the assessment pen, the gait of each sheep was examined (lameness was defined as score ≥2 [14] . Individual sheep were then caught, minimally restrained and examined in the standing position to assess: demeanour, eye abnormality, dental abnormality, breech cleanliness, tail length, wool loss, pruritis, skin lesions, injuries and wounds, myiasis, body condition score (BCS), and fit-fat-thin score ( Table 2) . The sheep was then turned over to assess abdominal cleanliness, joint swellings, mastitis in ewes and to complete examination of the skin and fleece. Ewes were not turned over during the month following the mating or late pregnancy (4 to 5 months gestation). In this instance, all indicators were examined as fully as possible in the standing animal. Inspection and recording took between 5 to 10 min per sheep. All observations took place on the same day. Each observer attending the farm visit performed independent assessments on the same sheep, consecutively. Observers were not permitted to discuss or disclose their assessments during the study. 
Indicator
Method of Assessment Scoring Scale
Lameness
As individual sheep entered the assessment area the gait was evaluated for signs of lameness defined as score ≥2 of Kaler et al., scale [14] .
Demeanour
The demeanour of a sheep was assessed as the sheep approached the assessment area. Signs of dull demeanour included behavioural separation, lowered head carriage, and reduced responsiveness to the approach of the assessor were signs that were used to assess the presence of dull demeanour. 0 = Bright, alert, responsive 1 = Dull, depressive, reduced responsiveness
Eye Abnormality
An eye condition was deemed to be present if any one of the following signs was observed-blepharospasm, corneal opacity, abnormal ocular discharge, lacrimation with tear-staining of skin, conjunctivitis, or entropion. 0 = Absence of eye abnormality 1 = Presence of eye abnormality
Dental Abnormality
Missing permanent incisors were scored as incisor loss. The molar teeth were assessed by palpation along the maxilla and mandible. The thickness, sharpness, length and position of the molar teeth were assessed as well as outward displacement of the molars, palpable mandibular swellings and bony growths. 
Indicator
Method of Assessment Scoring Scale Pruritis
Signs of skin irritation were assessed using the nibble test [16] . This was performed by rubbing the fingertips on the skin of the sheep along the lumbar, flank and shoulder regions. A positive response and presence of skin irritation was interpreted as positive if the animal showed head and neck extension, and nibbling and chewing behaviours associated with head and tongue movements after manual stimulation. 0 = No response to nibble test 1 = Positive response to nibble test: extension of head and neck, mouthing, or nibbling
Skin Lesion
The skin was assessed in both the standing and turned sheep for lesions including abscesses, seborrhoea, moisture, erythema, discolouration, abnormal odour. In the fully fleeced sheep, the observer ran their hands through the wool and areas of the wool were parted in order to examine the integrity of skin. 
Injuries and Wounds
Injuries and wounds were simultaneously assessed along with skin lesion and wool loss indicators. The skin of the entire body and head was examined for signs of injury such as wounds, bruises, cut and scratches. 
Body Condition Score (BCS)
Body condition was assessed using the Russel [17] six-point scoring scale. Briefly, using both hands the lumbar vertebrae and transverse processes were manually palpated. An assessment of the sharpness and prominence of the spinal process together with coverage over the longissimus dorsi (loin) and degree of fat cover was made by pressing the fingertips underneath the ends of the lumbar processes to assess the amount of muscle.
0 to 5 scale of Russel [17] Fit -Fat -Thin The assessment of body condition using the fit -fat -thin system was based on the Russel [17] scoring descriptions. Fit = Body condition score ≥2-4 Fat = Body condition score >4 Thin = Body condition score <2 (as above)
Joint Swelling
The presence of swelling, heat and pain assessed visually and palpation of the elbow, stifle, carpal, tarsal, metacarpal and metatarsal joints. 
Evaluation of Diagnostic Performance
Data were analysed in Stata version 13 (StataCorp LP, College Station, TX, USA). A total of 1158 sheep were assessed, including 1027 ewes and 131 rams. There were five cases in which the udder was not fully palpated and recorded as a missing observation. No other missing data was recorded. The number of sheep observed by the TSO with each animal-based indicator was divided by the total number of sheep assessed to determine the apparent prevalence (percentage and 95% confidence interval, 95% CI) for each indicator outcome. The overall level of agreement for multiple observer assessments (every instance a sheep was examined by ≥2 assessors) was evaluated by Fleiss's kappa (κ), which provides a coefficient value based on the average observed proportion of agreement for cases where three or more observers assessed the same sheep [10] . With the exception of BCS, paired agreement between the TSO and each observer for each indicator was examined using unweighted Cohen's κ [10] . The categorical scoring indicator of mastitis was analysed as a binary indicator (0 = absence, 1 = presence of mastitis and/or palpable lesions in any gland). There were few observations of extreme BCS (Table 2 ) and the scores of "fit" and "fat" from the fit-fat-thin condition scoring scale were examined as binary indicators. Since BCS is scored along an ordinal scale and scoring categories are assumed to be equi-distant [14] , a quadratic weighted κ [10] was used to assess observer agreement using the kap STATA command. All κ results were interpreted whereby values ≥0.75 suggested 'excellent', κ 0.40-0.74 'fair to good', and κ ≤ 0.39 indicated 'poor' agreement [10] . Graphical distributions of the scoring differences between the paired assessments of the TSO and each observer (TSO score-observer score) were visually examined for evidence of systematic scoring differences i.e. divergence with the TSO.
Results
During July to December 2008, 16 animal-based indicators were tested on 1158 sheep from 38 farms across England and Wales by a varying group of 2-3 observers. The proportion of the study population observed by the TSO with each indicator is shown in Table 3 . For indicators where the apparent prevalence was less than 1%; namely dull demeanour, eye abnormality, pruritis, myiasis, wool loss, diffuse skin lesions and wounds, and thin category of the fit-fat-thin scale (BCS < 2) (Table 3) , kappa values were not determined. The remaining ten indicators were examined in terms of Fleiss's κ agreement and paired κ agreement (Table 4) .
Lameness
Just under 7% of sheep in this study were recorded as lame (Table 3) . Overall, fair to good inter-observer agreement was achieved (Table 4) .
Dental Abnormalities
The apparent prevalence of dental abnormalities, as determined by the TSO, was 3.97% (Table 3) . Overall inter-observer κ agreement of 0.50 (95% CI 0.48-0.52) was classed as fair to good agreement (Table 4 ).
Cleanliness Scoring (Abdomen and Breech)
Overall inter-observer agreement for the cleanliness scoring of the abdomen was fair to good (Table 3 ). In contrast, breech cleanliness produced poor agreement (Table 4) .
Mastitis
Under 6% of ewes were identified with palpable intra-mammary masses (Table 4) . Fair-good agreement (Table 4) was found for all observers.
Tail Length
Excellent levels of inter-observer agreement (Table 4 ) on tail length were found. 
Skin Lesions
Overall between-observer agreement was fair to good (Table 4) . Less than 3% of sheep were identified with single or multiple lesions <3 cm in diameter (Table 3) .
Injuries and Wounds
For injuries and wounds the overall agreement was categorised as 'poor'. The apparent prevalence of injuries and wounds was very low and, only the 'healing wound' category (score 3) observed at just over 1% by the TSO (Table 3) .
Body Condition Scoring and Fit-Fat-Thin
There was little scoring variation-most sheep were within scores 2-3 and very few thin sheep were found (BCS <2) ( Table 3) . Inter-observer agreement of the Russel condition scoring system [17] was fair to good (Table 4) . When BCS categories were grouped into Fit-Fat-Thin scores, the level of observer agreement improved (Table 4 ). Graphical evaluation suggested that only slight scoring differences arose between the TSO and most observers, although observer 6 consistently scored sheep one BCS lower than the TSO. Most disagreements occurred between the mid-range of condition scores i.e., between BCS 2 and 3.
Joint Swellings
Overall, excellent levels of agreement were identified for joint swelling (Table 4) . Table 4 . Overall inter-observer kappa (κ) agreement for multiple observer assessments (n > 2) and paired κ agreement between the test standard observer ('TSO': observer 1) and observers 2-8. 
Indicator
Discussion
For the purposes of an on-farm welfare assessment, any animal-based indicator of sheep health and welfare needs to be consistently and accurately applied. In this study 16 animal-based indicators, used as proxy measures of sheep welfare, were analysed using the principles of diagnostic test evaluation to assess the level of overall and paired between-observer agreement.
Impact of Study Population on Kappa Analysis
The indicators were examined on 1158 sheep of different breeds, from 38 farms in a range of geographical locations and managed under a variety of systems. Background details on farm management type were reported following guidelines on the reporting of the design and conduct of reliability and agreement studies [18] . The purpose of this study was to examine indicator validity in terms of the level of observer agreement or 'reliability'. Clearly, these indicators also need to be feasible for use under a range of farming conditions. Experiences from this study and the wider Sheep Welfare Project will inform decisions on the selection of valid, reliable and feasible indicators for use in on-farm welfare assessment protocols. As well as being reliable [5] , the internal and external validity of these indicators also needs to be examined in terms of their ability to detect differences in welfare outcomes across different farms and management types, and across the different seasons and periods of the production cycle. This will be the next objective following the identification of reliable indicators.
Sampling bias was reduced by using a random number identifier to pre-select 30 sample sheep. However, with the non-random selection of farms, and the unavoidable voluntary participation of farmers, it is likely that the study population may be biased towards farms with higher welfare status. Statutory animal welfare agencies and actors were approached for support in active recruitment of sheep farms undergoing compulsory welfare inspection processes or follow-up in order to include farms with more extreme indicator scores. Despite these efforts, no flocks of this type were recruited by this approach. The inclusion and on-farm application of these indicators by government and or farm assurance bodies could provide a more representative and varied sheep population and may help further validation and reliability testing of these indicators.
Indeed, the very low apparent prevalence of conditions such as dull demeanour, eye abnormality, pruritis, myiasis, and wool loss, meant that it was not possible to fully examine kappa agreement for all indicators. Observer agreement studies should ideally include all scoring levels of each indicator [19] . Since κ takes account of the fact that chance agreement is high when conditions occur at a very low or very high prevalence [8] . Where specific scores are not identified, the observed indicator prevalence should be taken into account as this affects the 2 × 2 table used in kappa analyses. A low prevalence of disease (conversely a high level of score 0's) can result in artificially low levels of κ agreement [20] . A minimum sample size of thirty subjects has been previously suggested for observer agreement studies [13] . However, one of the issues for this study was that this sample size was insufficient for assessing the performance of several indicators. Our experiences suggest that much larger sample sizes than 30 sheep and the inclusion of farms with greater variation in indicator outcomes may be required to obtain sufficient scoring variation and 'extreme' scores required to facilitate agreement analyses. However, experiences from this study reveal that gaining access to farms with a higher prevalence of welfare issues appears to remain a particular challenge for animal health and welfare researchers.
Welfare Indicator Test Performance
Overall, results identified excellent kappa levels (κ > 0.75) for joint swelling and fair to good agreement (0.40 < κ < 0.75) for the assessment of tooth loss/abnormalities, cleanliness scores (abdomen), mastitis, tail length, skin lesions, body condition scoring and lameness. Detection of disease by observation and palpation, akin to a clinical examination, is not perfect and the TSO was not considered a 'gold standard' but a reference for evaluating observer agreement [8] . In some cases, divergence from a TSO could represent a closer approximation to the true positive or true negative health and welfare state. Multiple assessments by different observers may establish a consensus that may or may not be close to true diagnostic status. For example, all observers could misdiagnose a condition and agree about this, which would result in high kappa agreement. This remains a familiar and, as yet, unresolved issue for studies based on detecting specific physical signs. However, significant deviation from the trainer or wider observer group remains a cause for concern for observational studies [19] . Previous studies have identified that training can be important in attaining high levels of observer agreement [7, 9] . Whilst training is considered key to reducing any observer effects, slight individual differences can also occur in spite of training due to the effects of personal bias and prior experience [9] .
Due to limitations in resources and time available for multiple farm visits, different groupings of 2 to 3 observers performed the 38 study farm assessments. Only two observers (7 and 8) were classed as 'untrained' in that they received the indicator scoring definitions but did not attend an on-farm practical workshop and the full day "hands-on" and practical on-farm training session led by the TSO. Observers 7 and 8 examined 60 and 30 individual sheep respectively, but we found there was insufficient scoring variation for analysis of observer agreement for several indicators, including joint swellings. For other indicators it was considered that these observers were responsible for some outlier results, for example the lower kappa for condition scoring by observer 8 and fit-fat-thin scoring and tail length assessments by observer 7. For example, observer 8, classed as an 'experienced' veterinary assessor but was 'inactive' and 'untrained' in indicator assessments, consistently scored animals on a single farm one condition score unit higher than the TSO, which resulted in poor paired agreement. As this observer only performed a single farm visit, it was difficult to fully elucidate the effect of observer training and the influence of prior experience here.
Evidence of systematic scoring bias, such as disagreement with other observers and the TSO, might suggest that prior assessor experience or lack of standardisation or calibration with other 'trained' observers influenced the condition scoring assessments by this particular observer. The prior observer experience or 'bias' of this assessor with sheep managed in a lower BCS may also explain scoring divergence that occurred between the TSO and other observers present at the single farm visit. This finding highlights that being 'experienced' alone cannot predict high levels of agreement or indeed compliance to a particular indicator scoring system. Whilst this study does not provide strong evidence of the impact of training, this particular example supports our suggestion that practical training of assessors, particularly training with body condition scoring of sheep across different farms and breeds, is an important feature for becoming calibrated to the scoring system and providing consistency of on-farm animal welfare assessments across different assessors. A process of on-farm training and reliability testing could be used to select the most suitable observers and those with high reliability in order to maintain the validity, confidence and transparency in indicators assessments. An earlier study on the body condition scoring of dairy cows found that training resulted in improved kappa agreement [9] . Pilot work in sheep suggested that a short assessor recalibration exercise might improve observer BCS agreement [21] but this was only examined over a limited time period. More attention on observer training and alternative training methods for sheep BCS may also facilitate higher levels of observer agreement [22] .
As well as issues with between-study variation in disease prevalence [8] arbitrary interpretation tools can limit cross-study comparisons of kappa results [18] . There are well-known issues and limitations with kappa analysis and interpretation [20] . Therefore, for this study, a more stringent interpretation of kappa [10] was selected over that of Landis and Koch [23] . However, use of the latter would have resulted in more indicators being interpreted with substantially higher levels of agreement. With the exception of breech cleanliness and injuries and wounds, all indicators were interpreted as "clinically useful" (i.e., κ ≥ 0.4) [24] .
Lameness is a key welfare issue for sheep [25] and whilst high levels of inter-and intra-observer agreement have been reported for a six-point categorical lameness scoring scale assessing video footage of individual sheep [14] , similar levels of agreement had not been reported under field conditions [26] . Following field pilot testing (C.J Phythian, unpublished observations), a simple binary gait scoring system, based on Kaler and co-authors scale [14] was used in which sheep were classed as either 'lame' (scores ≥ 2) or 'sound'.
Gait assessment relied on the ability to quietly walk individual sheep around the assessment pen, which could be challenging when very responsive or 'flighty' sheep were examined. In spite of differences in assessment conditions between farms, such as the quality of flooring, and availability of lighting, results suggested that gait assessment of individual sheep produced 'fair to good' agreement. A comparison of group-based and individual animal gait assessment approaches for sheep are reported elsewhere by the authors' [27] . We found that on the majority of farms assessed, the most accurate approach for assessing lameness was by group assessment in the field. However, depending on the circumstances, field conditions and sample size may preclude this and individual gait assessment may provide a more feasible alternative.
Whilst standardisation of the conditions for gait assessment of individual sheep was attempted, in practice this was found to be challenging on some farms [27] . A portable lighting source, in addition to taking along gates to set-up an assessment pen of standard shape and size, and a portable, level flooring surface could be useful equipment for improving the standardisation of gait assessments of individual sheep. For the present study, a binary gait scoring system was deemed most appropriate for identifying a potential or actual risk for sheep welfare. Certainly, we have not resolved the ethical dilemma and practical challenges of weighing up and interpreting lameness severity, duration or prevalence as important criteria for sheep welfare [28] . Even ovine foot lesions associated with severe pathology and pain are not always associated with an observed high prevalence of lameness [27] . Furthermore, a single visit cannot capture data on lameness duration. Our simplistic approach to classifying sheep simply as sound or lame (≥score 2 [14] ), requires further prompt investigation and application of a second-tier of indicators, including foot examination [29] , in order to diagnose the specific reasons for lameness in individuals and/or groups of sheep. More recent video clip studies have reported high inter-and intra-observer agreement when farmers and veterinary surgeons applied a four-point sheep lameness scale [30] . With further assessor training and calibration, more detailed sheep gait scoring (i.e., sound, mild, moderate and severe) systems could be applied where facilities and farm management systems allow.
Due to the low prevalence of skin lesion scores, kappa was only obtained for single or multiple skin lesions <3 cm in diameter. Other researchers found poor observer agreement for the assessment of skin lesions in sheep and highlighted issues due to the masking of skin lesions in fleeced animals. This led to the suggestion to only score shorn sheep and skin lesions over 2 cm in size [2] . Whilst this approach may improve the level of observer agreement it risks missing skin lesions of great welfare importance, such as sheep scab. Similarly, whilst pruritis might be detected by observation of areas of wool loss and signs of intense rubbing against fences and objects, it is possible that animals with pruritic skin conditions may not always be identified during a relatively brief period of undisturbed observation. Therefore, it is recommended that a combination of group-assessment and individual, physical examination of a selection of sheep, particularly those with signs of wool loss, to assess skin, and fleece condition, and the 'nibble test' [16] to avoid missing small skin lesions that may be of high welfare importance. This concurs with more recent findings which identified that fleece condition and skin lesions were reliable indicators for Australian sheep [22] and possibly reflects the higher prevalence of these lesions, which facilitated agreement analysis.
In common with earlier work [3, 21] , most of the animals in this study were found to be 'fit' with a BCS of 2-3. The majority of scoring disagreements occurred over this mid-range of condition (BCS 2-3). Whilst half and quarter-unit scoring precision is recommended for management purposes [17] , full unit scores were selected based on earlier findings [21] and the aim of identifying animals in extreme scores. It is possible that higher agreement could be achieved if the scale were applied to a population with more varied condition scores, and more recent research using quarter-point scores found evidence of moderate inter-observer and poor intra-observer reliability of some assessors [22] , again highlighting the importance for calibration and practical training. Whilst the fit-fat-thin scale may lack sufficient precision for clinical and management applications [31] , it may be sufficiently sensitive for welfare assessment protocols focused on identifying sheep below the minimum standards.
Feasibility
All the indicators tested here were found to be feasible for use across the study farms. The physical examination, scoring and recording per observer using all 16 indicators took approximately five minutes per sheep, and required no input from the farmer during indicator assessments. Use of these indicators does require sheep to be gathered and individually handled, and at certain times of the sheep production cycle, such as late pregnancy, it may not be appropriate to turn ewes. Therefore, some indicators may take longer to assess and others, for example: mastitis, ventral abdominal skin lesions and cleanliness, were examined in the standing animal. As well as removing those indicators with poorer levels of test performance, the time required for assessments could be reduced through targeted selection of key welfare indicators depending on the focus and priorities of the specific assessment procedure. Recording time may also be reduced by use of electronic recording systems.
Future Implementation of Sheep Welfare Indicator Assessments
The indicators and scoring systems tested in this study were considered to be a first step in the development of an overall on-farm welfare assessment protocol for sheep, for use in farm assurance schemes and animal welfare certification frameworks, or for verifying compliance with minimal statutory regulations. They do not offer a complete on-farm welfare assessment tool and other approaches including assessment of positive welfare states of sheep using qualitative behaviour assessment (QBA) [32] or stockperson-animal handling and behaviour [33] offer complementary tools for assessing positive states and elements of animal welfare beyond measures of physical health and welfare. Since this study was completed other conceptual frameworks, such as Welfare Quality®, have been examined for identifying welfare concerns for sheep [5] . Regardless of the framework or approach taken, a common theme of on-farm assessment protocols is the application of indicators of physical health and welfare of sheep, which have been tested across a range of countries and farm management systems including Italy [2] , Norway [3] , England and Wales [12] Scotland [34] , and Australia [22] . Many of the animal-based indicators tested in these earlier studies appear in the final AWIN sheep welfare assessment protocol [35] . Our study provides evidence of the validity of many of the included animal-based indicators in terms of the reliability of these indicators. In the future, these indicators might be selected and applied as part of farm assurance schemes, assessment with legal compliance, or benchmarking of individual farms to inform improvements in management or inputs [1, 29] , as well as providing positive feedback to producers on the physical health and welfare of individual and groups of sheep.
Conclusions
Animal-based indicators of sheep welfare with good inter-observer agreement and related to key welfare concerns for sheep included lameness, joint swellings, body condition and tail length. These indicators may be applied by producers, veterinary surgeons, farm assurance and certification assessors, or farm animal welfare inspectors as robust and feasible tools in on-farm assessments. With further training and wider testing on a sheep population with greater scoring variation, it is likely that higher levels of observer reliability could be achieved. As well as being feasible on-farm measures, these indicators also appear feasible to assess sheep welfare at transport and markets [36] . Overall, they may inform flock management practices or identify areas where further investigation and/or additional interventions or inputs are required. Further work examining the effect of farm management type and seasonal influences on physical outcomes of sheep health and welfare could provide further evidence of the validity of these animal-based welfare indicators.
